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ABSTRACT 


Background: The unhealthy effects of indoor air pollution by cooking fuels is great concern for good respiratory health. 
Present study was conducted to study and compare the effects of two major fuels used in developing countries like India, 
Kerosene and Liquefied Petroleum Gas (LPG) in rural women of Amritsar, India. Methods: Study was conducted on 800 
rural women out of which 400 using Kerosene as cooking fuel and rest 400 using LPG. Subjects of chronic and recent 
respiratory illness even if treated were excluded Ventilatory functions of lungs were done on computerized spirometer, 
MED-SPIRER. Results: There was statistically significant decline in FEV1 in Kerosene using women (0.98+0.47) when 
compared with LPG using women (1.86+0.37). Other parameters FEV3, PEFR, FEF 25-75%, FEF2-12, FEF 25%, FEF 
50% FEF 75% and MVV showed similar significant decline in women using Kerosene as fuel. Conclusion: There is 
significant decline in ventilator function od lungs in women using Kerosene as cooking fuel, which is still used in developing 
country like India. Reduced values indicate small airway obstruction. 


Keywords: Cooking fuel, Pollution, COPD, FEV, Kerosene, LPG. 


Abbreviations: LPG: Liquefied petroleum gas; FVC: Forced vital capacity; FEF: Forced Expiratory Flow; MVV: Maximum 
Voluntary Ventilation. 





Evolution of combustion devices in human history 
can be described as energy ladder. Raw biomass fuel 


The health effects of air pollution have been a great (animal dung, crop residues, wood etc.) is at the 
boner for alind: since ceveral shades: hie lowest end of the ladder followed by biomass fuels 


pollution, both outdoor and indoor is major causes of sap ua es eg hee io i peek at 
chronic obstructive lung disease.!"! Administrative Mie OD. 00 ee TARO EE te Me. Geneak Ur ame 


INTRODUCTION 


efforts to control air pollution are focused on outdoor 
air, e.g. regularization of activity of roadside 
vehicular traffic. Elevated contaminant 
concentrations are common in indoor environment 
also which is often ignored in official data. There are 
four principal sources of indoor air pollution 
Cooking fuel Combustion 

Low cost building materials used in wooden joinery 
and walls 

Non cemented flooring 

Biological agents such as moulds, mildew and mites. 
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expensive form of energy. [Figure 1] 
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Figure 1: Energy Ladder (Reddy1995) 2 





More than half of the world’s households cook daily 
use unprocessed solid fuels that release at least 50 





India. times more gaseous and particle noxious 
pollutants."! 
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The location of the kitchen, type of ventilation, type 
of cooking device and type of fuel are the main 
determinants of the level of pollution. 

A number of studies from India and other countries 
have described lung function abnormalities 
attributable to exposure to domestic cooking and 
indoor air pollution. 

Reduction in ventilator functions is reported with use 
of biomass fuel.!*5! Use of gas stove also has effect 
on lung functions. 7! 

LPG mainly produces two oxides of nitrogen- nitric- 
oxide, nitrogen-dioxide."! though emissions of LPG 
have negligible amounts of particulate matter. 


Kerosene combustion produces mainly carbon- 
monooxide, sulfur-oxide and nitrogen dioxide.”! 


Acute and chronic respiratory effects of domestic 
fuel combustion include chronic obstructive 
pulmonary disease,"°! Asthma,'!!! Cor-pulmonale 
and bronchiectasis,"7!_ nasopharyngeal cancer, !"*) 
acute lower respiratory illness (ALRI) in children 
and exacerbations of asthma.'4!5! There are 
increased levels of carbon monoxide in nonsmoking 
women using different cooking fuels."° Nitrogen 
dioxide damages lung directly through its oxidant 
properties or indirectly by increasing its 
susceptibility to infections.) 

Lung volume measurement as a function of time is 
more informative than static lung volumes. !!®! 
Ventilatory functions are influenced by number of 
factors like race, age, sex and weight. These are also 
influenced by environmental, genetic, socio- 
economic and technical variations."!*! 


MATERIAL AND METHODS 


Present study was conducted in the villages nearby 
Amritsar (India). 800 nonsmoker rural female 
subjects in the age group of 18-45 years, consisting 
of 400 women using LPG and 400 using Kerosene. 
Persons having existing respiratory diseases like 
asthma, persistent cough, Tb, COPD and also those 
treated recently for any respiratory illness were 
excluded. 

Parameters: 

The following parameters were studied 


RESULTS 


Table 1: Showing Mean, standard deviation and ’p’ 


value with statistical significance of expiratory 
parameters in rural women using LPG &Kerosene 
fuel. 




































































Parameters Lpg- Kerosene P Significan 
Users Users Valu ce 
e 
FVC 1.91+0.37 1.02+0.47 | <0.00 HS 
1 
FEVO.5(L) 1.72+0.40 | 0.9040.15 | <0.00 HS 
1 
FEV1(L) 1.86+40.37 | 0.98+0.47 | <0.00 HS 
1 
FEV3(L) 1.90+0.37 1.00+40.47 | <0.00 HS 
1 
PEFR(L/sec) | 4.42+0.94 | 2.27+40.46 | <0.00 HS 
1 
FEF25- 3.24+0.76 1.96+40.50 | <0.00 HS 
75(L/sec) 1 
FEF2- 3.48+0.89 | 1.56+0.38 | <0.00 HS 
12(L/sec) 1 
FEF25%(L/s | 3.6940.94 | 1.98+40.45 | <0.00 HS 
ec) 1 
FEF50%(L/s_ | 3.32+0.77 1.99+40.51 | <0.00 HS 
ec) 1 
FEF75%(L/s_ | 2.8740.72 1.80+40.47 | <0.00 HS 
ec) 1 
FEVO.S/FVC | 90.45+15. | 88.58+12. | <0.00 HS 
% 47 10 1 
FEV1/FVC 97.544+8.1 | 96.28+5.3 | <0.00 HS 
% 5 9 1 
FEV3/FVC 99.68+0.3 | 98.18+3.9 | <0.00 HS 
% 2 6 1 
MVV(L/min) | 77.21+7.6 | 27.14+6.2 | <0.00 HS 
0 4 1 
DISCUSSION 


The present study was done to collect more 
information about lung functions in rural women of 
Punjab using LPG &kerosene. The lung functions 
were done with help of a computerized spirometer 
‘MED-SPIROR’. The sample studies in the 
investigation is presumed to represent a cross section 
of rural women of Punjab. Each parameter has been 
dealt with separately explaining the changes in these 
two types of fuel users. It also showed changes in 
these parameters with number of years of exposure. 
The conclusion reached at by present study has been 
compared with those derived from other studies in 
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1. Body surface area (B.S.A.) 

2. Forced vital capacity (F.V.C.) 

3. Forced expiratory volumes (FEV1, FEV2, FEV3 
over fixed time intervals(T=0.5, 1&3 seconds) 


the past. 


FVC(Forced vital capacity in litres): [Table 1] In 
the present study mean FVC was 1.91 in LPG fuel 


4, Maximum mid expiratory flow rate FEF (25-75%) users and 1.02 in kerosene fuel users.This showed 
5. Peak expiratory flow rate (PEFR) that difference in FVC between two groups was 
6. Maximum voluntary ventilation(MVV) highly significant.FVC declined by46.6% in 
7.Forced expiratory flow after 25% FVC has been kerosene fuel users when compared with LPG fuel 


expired (FEF 25%) users.Similar changes in FVC due to smoke have 
8. Forced expiratory flow after 50% FVC has been been reported in earlier studies,'7°! 
expired (FEF 50%) 
9.Forced expiratory flow after 75% FVC has been FEV0.5(Forced expiratory volume in 0.5 second 
expired (FEF 75%) in litres): In present study FEVO.5 in LPG fuel users 
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was 1.72 & in kerosene fuel users was 0.90.It was 
decreased by 48% in kerosene fuel users when 
compared with LPG fuel users. 


FEV1(Forced expiratory volume in one second in 
litres): In the present study FEV1 was 1.86+0.37 in 


LPG fuel users and 0.98+40.47 in kerosene fuel 
users. Thus FEV1 was decreased by 47% in 
kerosene fuel users when compared with LPG fuel 
users. Findings in our study are concurrent with 
earlier studies.?'?7] Decrease in FEVI reflects 
obstructive pattern of impairment as a result of 
mucosal edema and superimposed 
infection,bronchoconstriction substances. 


FEV3(Forced expiratory volume in 3 seconds in 
litres): In the present study there was highly 


significant decrease in FEV3 in kerosene fuel users 
(1.00+0.47) when compared with LPG 
users(1.90+0.37) 


PEFR(Peak expiratory flow rate in litres/sec): 
In the present study PEFR decreased from 4.42+0.94 


in LPG fuel users to 2.27+0.46 in kerosene fuel 
users. So PEFR decreased by 49% in case of 
kerosene fuel users when compared with that of LPG 
fuel users.Similar decrease in PEFR due to smoke 
and dust has been reported in previous studies.?34) 
PEFR is the better measure for large airways 
obstruction. Decrease in PEFR caused by irritant 
gases and particulate matter is due to hypertrophy of 
mucosal cells and superimposed infection due to 
ciliastasis. 


FEF25-75 % (Mean forced expiratory flow during 


middle half of FVC IN L/sec): In the present study 
FEF25-75% showed decline in kerosene fuel 


users(1.96+0.50) when decline was highly 
significant.FEF25-75% is a good index of early 
obstruction in small airways. 


FEF2-12(Mean forced expiratory flow rate 


between 0.2-1.2 litres of volume change in 
litres/sec): In the present study FEF2-12 showed 


highly significant decrease in kerosene fuel 
users(1.56+0.38) when compared to LPG fuel users. 


FEF25 % (Forced expiratory flow rate after 25% 


of FVC has been expired in litres/second): 
In the present study FEF25% decreased from 


3.64+0.94( in case of LPG fuel users)to 1.98+0.45(in 
case of kerosene fuel users) 


FEF50% (Forced expiratory flow after 50% of 


FVC has been expired in_litres/second): In the 
present study FEF50% decreased from 3.32+0.77(in 


LPG fuel users) to 1.99+0.51(in kerosene fuel users. 


FEF75 %(Forced_ expiratory flow after 75% of 


FVC has been expired in litres/second): 
In the present study FEF75% showed highly 


significant decline in kerosene fuel users(1.80+0.47) 


ejpal et al; Effects of Kerosene and LIG on fi 


J 


as compared to LPG fuel users(2.87+0.72).It is also 
important indicator of small airway obstruction. 


FEV0.5/_FVC%_ Percentage ratio of forced 


expiratory volume in 0.5 second to forced vital 
capacity: In the present study showed that FEV0.5 


/FVC% decreased from 90.45+15.47(in case of LPG 
fuel users) to 88.58+12.10. 


FEV1/_ FVC%_ (Percentage _ratio of forced 


expiratory volume in 1 second to forced vital 
capacity: In the present study FEVI/FVC% 


decreased from 97.54+8.15( in LPG fuel users) to 
96.28+39(in case of kerosene fuel users).It was 
significant decline(p>0.05).It is better indicator of 
obstructive type of lung disease. 


FEV3/FVC%(Percentage__ratio _of forced 


expiratory volume in 3 seconds to forced vital 
capacity: In the present study FEV3/FVC% ratio 


declined from 99.68+0.32 in LPG fuel users to 
98.1843.96 in kerosene fuel users.Decline was 
significant(p<0.05). 


MVV(Maximum voluntary ventilation _in 
litres/minute): In the present study MVV decreased 


by 65% in kerosene fuel users(27.14+6.24) as 
compared to LPG fuel users(77.21+7.60).It was 
highly significant decline(p<0.001) Decrease in 
MVV is in accordance to earlier study.25 MVV is 
good guideline of mechanical efficiency of lungs. 
Reduced MVV is indicator of obstructive 
insufficiency. Thus smoke emitted from kerosene 
decreased mechanical efficiency of lungs and 
obstructive impairment. 


CONCLUSION 


In our study there was decline in FVC in kerosene 
fuel users which indicate restrictive insufficiency. 
There was also decline in FEVI, FEVI/FVC%, 
MVV_ which indicated obstructive impairment. 
There was also decrease in PEFR which indicates 
large airway obstruction. Reduced values were also 
seen for FEF25-50% and FEF75% which indicates 
small airway obstruction. Thus in our study there are 
decline in all these parameters which indicates 
kerosene causes both restrictive and obstructive 
impairment. Obstruction was seen in both large and 
small airways. Kerosene combustion produces 
mainly carbon-monoxide, sulfur dioxide and 
nitrogen-dioxide. 


Measures should be taken to minimize indoor air 
Proper ventilation 
Source substitution 
Source modification 
Air cleaning- gas adsorbers,air filters 
Behavioral adjustment 





Canals of Intemational Medical and Dental Reseach, Vel (5), Josue (3) 


Page 6 


ia) 
© 
° 
=e 
iS 
Es 
a") 
is 
tS 
DH 
aie 
iS 
—s 
So 
ws) 
te 





10. 


11. 


12. 


13. 


14. 


15: 


16. 


17. 


18. 


19. 


20. 





REFERENCES 


Gao N, Li C, Ji J, Yang Y, Wang S, Tian X, Xu KF. Short- 
term effects of ambient air pollution on chronic obstructive 
pulmonary diseaseadmissions in Beijing, China (2013-2017). 
Int J Chron Obstruct Pulmon Dis. 2019 Jan 23;14:297-309. 
doi: 10.2147/COPD.S188900. eCollection 2019. 
PMID:30774327 

Reddy, B.S. (1995), ‘A multilogit model for fuel shifts in the 
domestic sector’, Energy 20(9): 929-936. 

Indoor air pollution from unprocessed solid fuels in 
developing countries. Kaplan C. Rev Environ Health. 2010 
Jul-Sep;25(3):221-42. Review. PMID:21038757 

Pilaniya V, Kunal S, Shah A. Occurrence of bronchial 
anthracofibrosis in respiratory symptomatics with exposure to 
biomassfuel smoke. Adv Respir Med. 2017;85 (3):127-135. 
doi: 10.5603/ARM.2017.0022. PMID:28667653 

Vinod Sharma, Rajiv Kumar Gupta, et al Prevalence of 
chronic respiratory disorders in a rural area of North West 
India: A population-based study Journal of family medicine 
and primary care, 2016, Volume , 5(2) : 416-419 

Helsing KJ,Comstock GW,Meyer MB and Tokman ML. 
Respiratory effects of household exposures to tobacco smoke 
and gas cooking on non-smokers.Environ Int 1982;8:365-370 
Lebowitz MD,Holberg CJ,Boyer B and Hayes C. Respiratory 
symptoms and peak flow associated with indoor and outdoor 
air pollutants in the South West J Air Pollutr. Control Assoc 
1985;35:1154-1158 

Bhandari K ,Bansal A ,Shukla A andKhare M.Performance 
and emission of natural gas fuelled internal combustion 
engine.A review Journal of scientific and Industrial Research 
64;333-338,May 2005 

Leaderer BP Air pollutant emissions from kerosene space 
heaters.Science 1982;218:1113-1115 

Chen BH,Hong C J, Pandey MR and Smith KR.Indoor air 
pollution in developing countries.World Health Stat Quart 
1990;43:127-138. 

Tuthill RW.Woodstoves,Formaldehyde and _ Respiratory 
Disease.Am J of Epidemiol 1984, 120(6):952-955 

Digamber Behera,Tarun  Chakraborti and Krishan Lal 
Khanduja.Effect of exposure to domestic cooking fuels on 
Bronchial asthma.Indian J Chest Dis Allied Sci. 2001;43:27- 
31 

Yong-Qiao He,Wen —Qiong Xue et al.Household inhalants 
exposure and nasopharyngeal carcinoma risk:a large scale case 
control study in Guangdong,China.BMC 
Cancer,2015;15:1022 

Pandey MR, Boleij JS, Smith KR and Wafula EM. Indoor air 
pollution in developing countries and acute respiratory 
infection in children.Lancet 1989;1:427-429 

Ozlem Ker  KurtJingjing Zhag and Kent E 
Pinkerton.Pulmonary Health effects of Air Pollution.Curr 
Opin Pulm. Med.2016 March;22(2):138-143 

Behera D, Jindal SK and Malhotra HS. Ventilatory function in 
non-smoking rural Indian women using different cooking 
fuels.Respiration 1994; 61:89-92 

J.Gillespie-Bennett,N Pierse et al.The respiratory health 
effects of nitrogen dioxide in children with asthma.European 
Respiratory Journal 2011;38:303-309 

J. Wanger, J. L. Clausen, A. Coates, O. F. Pedersen et al, 
Standardization of the measurement of lung volumes. 
European Respiratory Journal 2005 26: 511-522; DOL 
10.1183/09031936.05.00035005 

Jenny Hallberg,Anastasia lIliadou et al.Genetic and 
environmental influence on lung function impairment in 
Swedish Twins.Respiratory research 2010;11(1):92 

Victor Aniede Umah and Etete Peters.The relationship 
between lung function and indoor air pollution among rural 
women in Niger Delta region of Nigeria .Lung India 2014, 
Apr-Jun;31 (2):110-115 


21. 


22. 


23. 


24. 


25. 


Allen MB, Crisp A,Snook N and Page RL.”Smoke-bomb” 
pneumonitis.Respir Med 1992; 86:165-166 
Norboo T, Yahya M,Bruce NG, Heady JA and Ball KP. 


Domestic pollution and respiratory illness in a Himalayan 
village. Int J Epidemiol 1991; 20(3):749-757 

Gupta SK and Singh SK . A study on the prevalence of 
chronic bronchitis in workers exposed to smoke and irritant 
fumes in a railway workshop. Ind J Chest Dis Allied Sci 
1992,34(1)25-28 

Mathur ML, Dixit AK and Lakhsminarayana J. Correlates of 
peak expiratory flow rate: A study of sand stone quarry 
workers in desert. Int J Physiol Pharmacol 1996;40(4):340- 
344. 

D.Dutt,D.K. Srinivasa,S.B.Rotti,A.Sahai,D.Konar.Effect of 
Indoor air pollution on respiratory system of women using 
different fuels for cooking in an urban slum of Pondicherry, 
The National Medical Journal of India 1996, vol.9(3). 


How to cite this article: Tejpal N, Jit S, Sharma P, Aloona 
S, Neki NS. Study of Effects of Kerosene and LPG on 
Pulmonary Function Tests in Rural Women of Punjab. Ann. 


Int. Med. Den. Res. 2019; 5(3):PH04-PHO7. 


Source of Support: Nil, Conflict of Interest: None declared 








Canals of Intemational Medical and Dental Reseach, Vol (5), Josue (3) 


NM 
© 
° 
=e 
iS 
Es 
a") 
is 
tS 
DH 
aie 
iS 
4 
So 
us) 
te 





